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Abstract 
MRP8 is an inflammatory marker protein specifically expressed throughout the myeloid cell lineage in mouse and humans. Here the 
nucleotide sequence and the genomic structure of the mouse MRP8 gene (MM-MRP8) is presented. A strong homology between the 
mouse and human MRP8 promoters reflects the highly specific expression pattern of both genes and suggests that a conserved 
transcriptional machinery regulates these genes. 
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MRP8 belongs to the family of Ca 2÷ binding SI00 
proteins (synonyms: CF-Ag, L1-Ag, CP10, Calgranulin 
A). It is massively expressed in developing as well as 
mature cells of the myeloid lineage, particularly in mono- 
cytes, neutrophils and activated macrophages. In the course 
of an inflammatory process MRPS-positive cells appear 
very early at the site of inflammation. Therefore it was 
proposed to use MRP8 as an inflammatory marker protein. 
Although there are a number of hypotheses, the exact 
function of this gene is not yet known (for review, see 
Refs. [1,2]). The strong and highly specific expression 
pattern, however, makes the MRP8 gene an ideal candidate 
to study regulation of myelo-monocytic gene expression 
and/or to use the promoter to direct the expression of 
genes of interest o myeloid cells [3]. Here we report the 
genomic nucleotide sequence of the mouse MRP8 gene 
and we present evidence that the MRP8 gene is a single 
copy gene in the mouse genome. 
A lambda library made from genomic DNA of SVJl29 
mice was screened with the mouse MRP8 cDNA as probe 
[5]. Several cross-hybridizing clones were isolated and 
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purified. EcoRI Restriction of the DNA of phage 8.8 
resulted in a 2.9 kb long DNA fragment hybridizing with 
the MRP8 cDNA. This fragment was subcloned and char- 
acterized (p8.8E). 
To verify that phage clone 8.8 corresponds to the 
genomic MRP8 locus, genomic DNA from Balb/C, 
C57/B6 and SJL mice was digested with different en- 
zymes and blotted onto a nylon membrane (Fig. 3b). After 
hybridization with a radiolabelled ScaI-BstEII fragment of 
clone p8.8E the restriction pattern looks identical with that 
of the phage 8.8 DNA, indicating that the isolated phage 
indeed corresponds to the genomic locus. Neither a restric- 
tion length polymorphism nor other than the expected 
bands could be detected with the enzymes indicated, sug- 
gesting that the mouse MRP8 gene is a single copy gene 
(Fig. 3b). However, the pattern observed after digestion 
with PstI differs between the three mouse strains (data not 
shown). 
Sequence analysis of the insert of p8.8E revealed that it 
contains the complete MRP8 coding region consisting of 
two exons. Since the genomic sequence deviates in the 
coding region at position 1752 (A ~ C) from the published 
murine cDNA sequence [5] and thereby changes the open 
reading frame (E ~ D), we cloned and sequenced the 
murine cDNA via RT-PCR from polyA + RNA isolated 
from spleens of CB57/B6 mice. The cDNA sequence was 
100% identical with the published one, indicating that the 
sequence deviation we found in the genomic sequence of 
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clone p8.8E might be a cloning artefact. However, the 
PstI restriction length polymorphism mentioned above 
might argue that a polymorphism between different mouse 
strains is responsible for difference at position 1752. 
A third 5' located untranslated exon, which is not 
encoded by the published murine MRP8 cDNA [5], was 
postulated from the known human gene structure [4] and 
from the lack of any consensus TATA-box upstream of 5' 
terminus of the published cDNA. This short exon could be 
identified by cDNA cloning via RT-PCR (primers: MRP8- 
5' 5'-CCTTTGTCAGCTCCGTCTTC-3'; MRP8-M: 5'- 
CTGAGGACACTCAGCAGTGAC-3') and by primer ex- 
tension analysis (Fig. 2). The transcriptional start site was 
mapped to nucleotide position 935 (Fig. 1), followed by a 
40 bp long, untranslated xon. The first intron is 435 bp in 
length and contains - as well as the second and third 
intron - the terminal GT /AG consensus splice sites. The 
second and third exons (nucleotide 1411-1567 and 1724- 
1913, respectively) contain the coding region starting with 
the ATG at position 1427 and the 3' untranslated region 
including the polyadenylation signal (position 1896). Up- 
stream of the transcriptional start site we found a typical 
TATA- (position 915) and CAAT-box (position 848) (Fig. 
1). 
The genomic structure of the MM-MRP8 is very similar 
to the human MRP8 gene [4] and typical for the gene 
1 GAATTCCTGGGAATAAGCCCCTCTTCTT 
29 TTTCCCTTGGGCATGAGACTCACATGGACTCTCCAAAATACTTGGCCCCTCACCATCCTA 
89 GAGTTCACTCCTCTCTTCATCCCGGCTGCTGGGGACCAAGGTACAGTGACCATTCTGAGA 
149 GGCTGGAAGGGTCTCTACTGTTATCATGCAGTGACTTAGTGGCAGCTGAGGGTGGACAGA 
209 ATGAAGACCAGGAATTACATCCAAAGACTCAGGACATCCTTAGCTTCTAGAGCAGAATGA 
269 CCATTAAGAGTCACGGGCAGGTTAGGAATTTGTCCAACTCTTGGGAATACAGCTATCCTC 
329 CAAAGACTGTACCTACCCATCTAAATACAACCCCATAGCAGTACTCCAAACTTTACTAAT 
389 ATCCAGTAGCTAGAACCAGCAATGTTTCTGAGGTCTTTGGTACTTTGAGAACTTGGAGAA 
449 GTTGTCTTTTCTATGCACCCACGCTCATACAGAAGCATACACCTTCAGTTCAGTTCAGTT 
509 CAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTT 
569 CAGTTCAGTTCAGTTCAGTTCAGAGGTAGACTGGACATGAAGACATTGGATCAGCAATGG 
629 ATCCAATTAGGAGAGAGCTAAGATTGAGAGTCTGTTTAGATGCAGGGATGAGGTGCCAGG 
689 GGCCTAGACATGGACTTATTGCCATGCCCCATCCTGATTCTTCCTGCTGGGTACTCCTGT 
749 CTGGTAAATGTTCCAACACTCCCACTTCCTCAGACTCAGAAATGCTCACTGTACTCAGTG 
809 ATTGCCACAGTTGACTTGGTTAGGAAACAGAGGCTGTGGCAACTCTGGAAGGGAAGAGCG 
869 TTGTCTCCATAGCCCGAGGCTGTGGGCAGCTGGCCAAGCTTTCCT~ATAAAAGCAGCTG 
929 ACACTT~GCCTCACATATCCTTTGTCAGC"ECCGTC"ETC/&AGA~TCGTGTAAGTAGGGCT 
989 ATGTGACTCTGTCTCACAGTGTAGGCTCTCCTTAGCGAGGGTTGGGGGATAGAGTAGCCT 
1049 CCTCTGAGAGGGCGAGAAAGCGTGGGGAAGTCTCCAGCACCGATCAAATGCTTGAGGATA 
I I09 .AAGGAAGTGGAATGGCGTAGAGCCTTCTAGCAGTGTCTAGCAGAAGAGGGAAGGAAGTGT 
1169 TTAGTGTGGAGAATTTGCTACACTTGTGTGTGTGTGTGTGTGTGTACTAAAGTCTCTCCA 
1229 ATGCTCTCTCCTACCCCTTCCCATCAGAGATAGAGCCATTTTCTGGGTTTAGTTATCTGA 
1289 GTGGTACAGGCCAGGTCAAAGCCCATTCTTGGGTTAAAAACCTGAATGCCCACTCAGTTG 
1349 TCACCCTGCCGTGAGTAACTGCAGCTCCCATCCCTCTGCGACTTTTCCTTTCAGTTGAAA 
M P S E L E K A L S N L I D  
1409 GGAAATCTTTCGTGACAATGCCGT ~E~L]&~w~GGA~C"ETGAGC]&ACCTCATT~TG 
V ¥ H N ¥ S N I Q G N H H A L ¥ K N D F 
1469 TCT~CCI&CI&ATT&TTCCI&&T&TACI&I&GGI&L~TCJ&CCI&TGCCCTCT&CI&I&GI&~T~L%~ETCA 
K K M V T T E C P Q F V Q  
1529 ~TGGTCICTACTGAGTGTCCTC&G~TGAGGAGGTGCTATGTTCTCA 
1589 GGGTTTTCTAATGGTGCTGGGATGGCTAGCCCTCCAAGTTGC'FrTCTGCAGTTAGCCAAT 
1649 ACTTATCCACAGATAGTCCTCGCTTACTTTTCTCTGATACAGTCTGAACTCACCCCCCCC 
N I N I E N L F R D(E) L D I N S 
1709 ATTCTTCTTGACAGA&TaTAIL~TaTC~ TCI&ILTI&QTG 
D N A I N F E E F L A M V I K V G V A S 
1769 AC I&AT~&ATT~TTC~I&~TTC~N~'~I&TQGT~I&T J& J I I& I&GT~QT~kT~TC 
H K D S H K E *** 
1829 AC J J& I&G~CA~CJ&C.A I&~JGJ&GT~. I&G~C~~T~MIGTq~TGG~T~TGT 
1889 ~CATCATATCTCAGGTCTGTTTGAGTCTCTTGTCTTTCCTGGGGGTG 
1949 AAGGAAGGGATGAAAAACTGGAAAGAACTGTCTTGTTTTGGTCCTTACTGTTCTCCATGG 
2009 TCCAGTCCTTTCCCATGACTGCTCCTCTGGTCACCAACCCCCAGATTGTTCTCAGTCTCT 
2069 TCTGGCCCCTGAACTTTGAACCAGTGGTTCAGGATTTAGGAATTTCCCAAAGTTTGTAAC 
2129 TTAGACTTGGTAGTTTTACTGGTTTATCCCAAATGGGAGATTTGGAAACAGGAGGATTCT 
2189 AGGCAAACGGATGCTGTGCACATAACTTAGTTTCTAGTTAAATGTCTTAGATGTGACTTT 
2249 TTGAAAATTAGTAGGATAGGTATGAAAGGTGTGTATATGAGGAAGGAGGAGGGAGGAAAG 
2309 GAAGAAGGAGGGAGGGTGAGAGAGAGAGGAGTATTTTCTGTCTTGGGGTAGGTGGATGGT 
2369 TTTTAGTCCTACCTTAGGCACTAGAGGAGTACATCTGGTTCCTAGGGACATCTGGTCCCA 
2429 TATCGTAGTGATCTTTCCATTTTTACTCCAAACTTCCAACTCAGTTAAATGATACAGGAA 
2489 TGAGTAGATAGGTCAGTGCACTCATAAAGCTCAAAGGACAGCTATGGTCATCTGTGAGCT 
2549 GTTGACCTTTGCCATCATTACATCTGTGAATTTTTCCTAGGGACTGGTAAAATGAGGAAC 
2609 TCGGAGACCTTTCACCAGAGCTTAGCCATTAAACTGAATTTTCTTTTTTAATTTAAAAAA 
2669 ATTTATTATTTTTTAAATAAAACATTTAAATTTTATATGTGTCCTGTATTTATATCATTC 
2729 CTGTCTTCCTTCTGCTCCTTTCAATCTCCTCCACGTCATTTCCTCTCAACTGCCTCTCAA 
2789 ATACATGGTCTCTTTTTCTTTAATTATAATTGTTACAGATAGATATAAGAATAAACATAT 
2849 AAATACAACCTGATGAATTCTTAAG 
Fig. 1. Nucleotide sequence of ~e mouse MRP8 gene. Exons are written in bold and underlined letters; polya~nyl~ion si~, TATA- and CAAT-box in 
itMic letters and underlined. Position 1752 (small ~t~D deviates from ~e cDNA sequence causing ~ amino acid ch~ge (in ~ackets amino acid of the 
cDNA) possibly due to a polymo~hism ~tween different mouse s~ains. 
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structure of S-100 proteins (Fig. 3a). S-100 proteins con- 
sist of two domains each containing a evolutionary con- 
served Ca2 + binding EF-hand connected by a variable 
hinge region. In the mouse MRP8 gene as in other S-100 
genes the second intron just interrupts the hinge region. In 
the course of evolution the position of that intron might 
have contributed to the variability of the hinge region. 
Interestingly, each terminus of this intron has a seven base 
pairs motif beyond the GT/AG splice consensus nu- 
cleotides, which can also be found at both termini of the 
corresponding human MRP8 intron. A comparison of ter- 
mini of the first intron, however, do not show any similar- 
ity. 
Nucleotide sequence comparison revealed a homology 
of 64% in the 400 bp upstream of the TATA box between 
the human and mouse gene (Fig. 4). Thus, the homology 
between the human and mouse MRP8 promoter regions is 
as high as the homology between both coding regions and 
higher than the homology between the corresponding re- 
gions of the human MRP8 and MRP14 genes [4], which do 
have an identical expression pattern. The 64% homologous 
promoter egion suggests that the transcriptional machin- 
ery, which governs the highly specific and tight regulation 
of the MRP8 gene in man and mouse, is highly conserved. 
Indeed, it was recently reported that the human MRP8 
promoter appears to function in a transgenic mouse model 
in the same tissue-specific manner as in humans [3] and 
that this region is able to interact with nuclear factors that 
might regulate myeloid-specific gene expression i  HL-60 
cells [6]. The homology outside this region, including 
introns and sequences downstream of the polyadenylation 
site, is below 54%. 
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Fig. 2. Primer extension analysis to map the first exon and the transcrip- 
tional start site of the MM-MRP8 gene. Primer MRP8-M 5'-CTGAG- 
GACACTCAGCAGTGAC-3' complementary to position 1538-1558 was 
used and resulted in a 190 bp long fragment with polyA ÷ RNA from 
spleen. With poly A ÷ RNA from liver, brain and muscle no signal could 
be detected. 
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Fig. 3. (a) Genomic structure of the mouse MRP8 gene. Black bars represent the three exons, the position of the CAAT-box, TATA-box, Start codon and 
the polyadenylation site are indicated. E = EcoRl, B = BamH1, H2 = Hinc2, H3 = Hind3, A = Accl ,  Bs = BstE2, S = Scal, P = Pstl. Below the 
Scal-BstE2 fragment used as probe for the Southern blot is symbolized as shadowed bar. (b) Genomic Southern blot. Genomic DNAs from three different 
mouse strains were restricted as indicated. DNA was run on a 0.8% agarose gel, blotted and hybridized with the radioactively labelled probe A. 
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mouse  500 
CACGCTCATACAGAAGCATACACCTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGT 
human 1031 
TGTTCTCAACCCTTTTGCGGTCTTTGGACCCTTTGAAACTCTGACAGAAGCCATGGAGGA 
TCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGTTCAGT 
ATGTTCTCACTGAGTGCA-TGCACTCAAAATGA-TGCATTCAACTTCAATTCAGTTTCAG 
TCAGAGGTAGACTGGACATGAAGACATTGGATCAGCAATGGATCCAATTAGGAGAGAGC-  
GGATGTATGGCCTGACCACCAATGCAGGGGATTAGCAATCG- -CAATAGTGGAGAGGGCA 
TAAGATTGAGAGTCTGTTTAGATGCAGGGATGAGGTGCCAGGGGCCTAGACATGGACTTA 
TGGGAGTGGGAATCTGGCTGGATCAAGCAAGTGGATGCCAGCAGCCCAGAAAAAG . . . . .  
TTGCCATGCCCCATCCTGATTCTTCC-TGCTGGGTACTCCTGTCTGGTAAATG- -TTCC-  
-AGCC- - -CCCCTACCTGCTTTTTCCTTCCTGGGCACTATTGCCCAGCAAATGCCTTCCT 
- - -AACACTCCCACTTCCTCAGACTCAGAAATGCTCACTGTACTCAGTGATTGCCACAGT 
CTTTCCGCTTCTCCTACCTCCCCACCCAAAATTTTCATTCTGCACAGTGATTGCCACA-T  
CAAT-box 
TGACTTGGTTAGGAAACAGAGGCTGTGGCAACTCTGGAAGGGAAGAGCGTTGTCTCCATA 
TCAC-TGGTTGAGAAACAGAGACTGTAGCAACTCTGGCAGGGAGAAGCTGTCTCT-GATG 
TATA-box 
GCCCGAGGCTGTGGGCAGCTGGCCAAG-CTTTCCTCTAT-AAAAGCAGCTGACACTTAGC 
GCCTGAAGCTGTGGGCAGCTGGCCAAGCCTAACCGCTATAAAAAGGAGCTGCCTCTCAGC 
CTCACATATCCTTTGTCAGCTCCGTCTTCAA i000 
CCTGCATGTCTCTTGTCAGCT- -GTCTTTCA 1524 
Fig. 4. Comp~ison of the nucleotide sequence 400 bp upstream the TATA-box of both the human and mouse MRP8 promoters hows a homology of 64%. 
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